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Some impact machines have capacities exceeding 15,000 ft-lb, intended for tests to 
destruction. Force-time and velocity relations can be obtained for the purpose of 
correlation with the classical theories. Also, critical impact velocity data for the 
various structural materials can be updated. 

Calculation of instantaneous response of a machine member requires some 
knowledge of the velocity change and sonic velocity of the material, as indicated by 
Eq. (16.7). If sonic velocity data are not available, the elastic stress can be obtained 
from Eqs. (16.2) and (16.7) by concluding that a — V(pE ) 1 / 2 . For instance, if a 
wire is being wound vertically onto a drum at a velocity of 15 ft/sec, the question 
may be asked: What dynamic stress is involved if the drum is suddenly stopped? 
Suppose that the modulus of elasticity is 15 x 10 6 psi and the weight density is 
0.3 lb/in 3 . Using a formula based on Eqs. (16.2) and (16.7) gives 


<7 = 15 x 12 


0.3 x 15 x 10 6 

386.4 


1/2 

= 19,425 psi 


It is seen that V is considered here as a basic parameter in the calculations. The 
same reasoning would apply if the wire rope were initially at rest and then attained 
a velocity of 15 ft/sec through a sudden turn of the drum. Hence, the net amount 
of the velocity change is important. If the sonic velocity for the rope were specified 
instead as C = 11,583 ft/sec, we would calculate the dynamic stress as follows: 

0.3 x 11,583 x 15 x 12 x 12 _ . 

cr =-—— -= 19,425 psi 

386.4 

This and previous sections dealing with the nonsteady load applications involved 
only the simplest theories of dynamics, vibration, and stress propagation. However, 
their use is generally sufficient for the purpose of the preliminary design. 


SYMBOLS 

A Cross-sectional area, in. 2 (mm 2 ) 

a Width of plate, in. (mm) 

a Q Radius of plate, in. (mm) 

B Constant of integration 

b Length of plate, in. (mm) 

C Sonic velocity, in./sec (mm/sec) 

C p Velocity of plastic wave, in./sec (mm/sec) 

E Modulus of elasticity, psi (N/mm 2 ) 

/ Fundamental frequency, Hz 

h Thickness of plate, in. (mm) 

L Length of beam, in. (mm) 

M Mass of rigid body, lb-sec 2 /in. (N-sec 2 /mm) 
R Scaled range, ft (m) 

R q Distance from point of explosion, ft (m) 
r Radius of cylinder or sphere, in. (mm) 

T Natural period of vibration, sec. 



